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Abstract 

Background: Successful management of patients with hematologic malignancies depends upon accurate and 
timely diagnosis, which frequently requires integration and interpretation of multiple tests. Our retrospective 
analysis compared diagnostic uncertainty, resource utilization, and costs for patients with diagnostic bone marrow 
(BM) tests managed by commercial laboratories. 

Methods: Patients with BIVl biopsies and suspected hematologic cancer/condition were identified from claims 
(2005-201 1) within a large US health plan (coverage >6 pre- and >3-months post-biopsy). Cohorts defined 
by laboratories performing BM morphologic assessment/directing testing sequence: Genoptix (GX, specialty 
hematology-testing laboratory), large commercial laboratories (LL), other laboratories (OL). One-year post-biopsy 
changes in diagnosis or treatments, tests performed, and diagnostic/treatment medical costs (measured as 
per-patient-per-month [PPPM]) were examined. 

Results: The study population included 1,387 GX, 4,162 LL, and 19,1 15 OL patients with suspected hematologic 
malignancy/disease and BM morphology assessment. GX had lower diagnostic uncertainty measured between 2 
time periods by diagnostic stability (no conditions the same; 6.16% GX, 8.04% LL, 9.73% OL; p < 0.001) and changes 
(>1 condition different; 7.88% GX, 1 1.19% LL, and 14.08% OL; p < 0.001), fewer repeat BM biopsies, and fewer 
chemotherapy changes (30-days and 60-days post-initiation). One-year PPPM costs adjusted for patient characteristics 
differences were $8,202 GX, $7,71 1 LL, and $10,302 OL (p < 0.05); adjusted PPPM costs (excluding testing period) were 
$6,019 GX, $6,649 LL, and $7,801 OL (p < 0.05). 

Conclusions: Our data suggests that a hematopathology specialty laboratory may result in earlier final diagnosis, fewer 
subsequent diagnosis changes, reduced need for follow-on testing requiring repeat biopsy procedures, and may result 
in lower downstream healthcare costs. Further evaluations using medical chart abstractions or registries will 
be valuable. 
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Background 

Successful and optimal management of patients with he- 
matologic malignancies depends upon early and accurate 
diagnosis. The establishment of a differential diagnosis 
may be challenging. Hematologic malignancies often have 
overlapping clinical presentations and the clinician is 
tasked with ruling out other malignant or non-malignant 
conditions before arriving at a final diagnosis [1]. Further- 
more, accurate determination of stage and prognosis re- 
quires multiple testing platforms to discern cell types, cell 
lineage, degree of maturation or point of maturation ar- 
rest, and mutational and genetic/molecular status in- 
formation [2,3]. Given the complexities of diagnosis, the 
heterogeneity of phenotypes, and variety of treatment op- 
tions, [4,5] clinicians must consider histologic subtype and 
more and more importantly, molecular profile, as well as 
disease stage and other prognostic factors when planning 
appropriate treatment of hematologic malignancies [6]. 

Seeking to improve diagnostic accuracy for hematolo- 
gic cancers, updated diagnostic guidelines have incorpo- 
rated advances in diagnostic testing, including molecular 
profiling [6-8]. These advances have both improved diag- 
nostic accuracy for hematologic cancers and increased 
the need for integration and interpretation of data from 
multiple tests often performed across multiple laboratory 
providers. The complexity of diagnosing hematologic 
malignancies has intensified with development of sophis- 
ticated laboratory tests as new molecular markers are 
identified. These markers are used to diagnose disease 
subtypes, as well as prognostic risk which impact treat- 
ment selection and disease monitoring [9,10]. 

Clinicians face challenges in keeping current with de- 
velopments in diagnosis and treatment of hematologic 
malignancies [11,12]. For example, community-based on- 
cologists may not see a large volume of patients with par- 
ticular hematologic malignancies. When test material is 
referred for expert secondary hematopathology review, 
previously collected samples and test results may be inter- 
preted differently and additional biopsies or tests may be 
requested [13]. Supplemental biopsies (bone marrow or 
others) may be needed to obtain a definitive diagnoses; 
this increases health care costs and often affects patient 
quality of life. In a study of Medicare patients, the esti- 
mated average direct costs of a bone marrow biopsy/aspir- 
ate for patients with chronic lymphocytic leukemia (CLL) 
was $1,722 (2007 USD) [14]. In the general population of 
patients with suspected lymphoma, average costs of a 
lymph node biopsy have been estimated at $822 (2005 
USD) for a core needle to $3529 for an excisional biopsy 
[15]. The initial BM sample may provide enough tissue for 
basic diagnostic and prognostic tests. However, any ad- 
ditional tests may require one or more additional BM 
samples to complete, particularly when subsequent tests 
are not performed in the same laboratories. Thus, these 



secondary expert hematopathology reviews may increase 
healthcare costs, [14,15], as well as result in clinically 
meaningful diagnostic revision in up to 20% of the cases. 
Discrepancy rates vary with 10% for Hodgkin lymphoma 
and 75% for Burkitt's lymphoma [13,16-18]. 

Clinicians are concerned about obtaining the useful 
and appropriate information in a timely and understand- 
able manner. In a traditional diagnostic workflow, the skiU 
and expertise of the individual completing the laboratory 
requisition forms determines ordering of appropriate tests. 
Differences in clinician awareness of updated diagnostic 
technology information may result in inadequate or incon- 
sistent test ordering [12]. Subsequently, clinicians may need 
to make additional testing requests. Lack of diagnostic ex- 
perience in a particular clinic [19] coupled with variable 
clinical presentations [20-23] may delay referral to a spe- 
cialist or completion of a diagnostic workup. As diagnostic 
technologies evolve, differences in clinician awareness of 
updated information may lead to inconsistent test ordering 
and variable interpretation of test results [9,10,24]. 

To reduce the need for secondary review and improve 
diagnostic accuracy, a specialized hematopathology test- 
ing laboratory, Genoptix, designed a diagnostic workflow 
that addresses the main concerns associated with diag- 
nostic testing in the community oncology setting: tests 
ordered, sampling errors, and interpretation/integration 
errors. This workflow places the hematopathologist in 
the role of central administrator and reviewer of each test 
throughout the course of case management. The course of 
testing is adjusted as test results become available and 
sampling errors can be quickly identified during integra- 
tion of various testing results if an inconsistency arises. 
Results are correlated and interpreted until reaching a full 
diagnostic assessment. This workflow differs from that in 
a traditional community setting in which specimens are 
commonly distributed to disparate laboratories for ana- 
lysis and the clinician performs the determination of tests 
and integrates the results from each laboratory report. 

Comparisons between various laboratories and their 
workflow, as well as associated costs have not been well 
examined. To evaluate the impact of a hematopathology 
specialty laboratory on real-world patient population, we 
conducted a retrospective study comparing diagnostic 
changes, patterns of additional testing, treatment deci- 
sions, and health care costs for patients with suspected 
hematologic malignancies/conditions whose diagnostic 
tests were managed by specialty hematology laboratory 
and other commercial laboratories. 

Methods 

This study used administrative claims data from the 
Optum Research Database (a proprietary database in- 
cluding claims from the large US health plan affilia- 
ted with Optum). Medical and pharmacy claims were 
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retrospectively evaluated to identify the patients that 
had a bone marrow procedure (biopsy/aspirate) claim 
with suspected hematologic cancer/disease (index date; 
Figure 1) from 01 July 2005 through 30 June 2011 (eligi- 
bility period). The study further identified patients 
with diagnoses of MDS, myeloproliferative neoplasm 
(MPN), CLL, non-Hodgkin lymphoma (NHL), MM, other 
hematologic cancers, and other non-cancer hematologic 
conditions. 

Health plan enrollment for a 6-month baseline period 
prior to the index date was required to assess patient 
characteristics and diagnostic/treatment history. Labora- 
tory tests during the 30-days post-bone marrow biopsy 
were identified and patients followed for up to 1 year 
post-index. Diagnoses of hematologic cancers and condi- 
tions were identified in the medical claims. The initial 
interim diagnosis was identified based on the date of the 
first non-laboratory claim with a diagnosis of hematologic 
cancer/disease in the primary position at least 3 days after 
and <1 year post- index date. The first appearance of diag- 
noses for all hematologic cancers and conditions was 
identified over the follow-up period using these criteria, 
and the final diagnosis was the last such hematologic diag- 
nosis identified. 

Patient cohorts were assigned based upon the labora- 
tories performing the bone marrow morphology assess- 
ment (directing the testing sequence): Genoptix (GX, a 
specialty hematology-testing laboratory), large commer- 
cial laboratories (LL), and other laboratories (OL) such 
as community hospital laboratories. Academic laborator- 
ies that sponsor hematopathology fellowships were ex- 
cluded since these settings are likely to have a higher 
percentage of referral cases. 

Diagnostic uncertainty following the initial diagnostic 
workup was estimated using 2 definitions comparing 
hematologic diagnoses between the initial interim and 
final diagnoses (up to three were retained on each of the 
initial and final diagnosis dates). Stability of diagnosis 



Suspected 
Diag 
Biopsy 

I 



was defined as having at least 1 hematologic condition 
that was the same between the two time points; change in 
diagnosis was defined as having at least 1 condition that 
was different between the two intervals. The algorithm, 
pre-defined by protocol, explicitly excluded codes suggest- 
ing disease progression or hematologic signs/symptoms as 
instability or change. Other outcomes evaluated included 
the following: the number of tests performed, repeat bone 
marrow studies, time to final diagnosis, changes in che- 
motherapy in the 60-days post-biopsy, and testing costs 
and all-cause health care costs in the 1-year and 11- 
months remaining in the follow-up period. 

Analysis was conducted using SAS version 9.2 (SAS 
Institute, Inc., Gary, NG, USA) for analytic dataset con- 
struction, descriptive statistics, and logistic regression; 
while Stata SE version 11 (StataGorp LP, GollegeStation, 
TX, USA) was used for other multiple regression ana- 
lyses. Baseline and outcome variables were descriptively 
analyzed and per-patient-per-month (PPPM) costs were 
used to account for variable length of time observation. 
Multiple regression analysis were conducted using gen- 
eralized linear models (GLM) with log link for total all- 
cause costs (1-year and remainder of year after the initial 
30-day testing period), with this method selected due to 
the skewed distribution of the cost data. Logistic regres- 
sion was used to assess repeat bone marrow biopsies, 
changes in chemotherapy, and diagnostic uncertainty 
(stability and change in diagnosis). Gox proportional 
hazard regression was used to model time to final diag- 
nosis. The multiple regression analyses adjusted for pa- 
tient characteristics and disease type [25-27]. 

Results 

The initial laboratory population consisted of 34,904 pa- 
tients with suspected diagnosis of the entities of interest 
(Table 1). Patients with non-hematologic cancer and any 
other non-hematologic condition listed as the diagnoses 
on their bone marrow biopsy claims were removed from 
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Table 1 Patient suspected diagnosis, demographics, and baseline characteristics 







Total 


Genoptix 


Large Labs 


Other Controls 


p~vdlUc 


Study populstion siz6 




(N = 24,664) 


(N = 


1,387) 


(N = 


4,162) 


(N = 


19,115) 






n 


% 


n 


% 


n 


% 


n 


% 


Suspected diagnoses 


MDS 


859 


3.48 


23 


1.66 


128 


3.08 


708 


3.70 


<0.001 




MPN 


1,004 


4.07 


61 


440 


159 


3.82 


784 


4.10 


0.578 




CLL 


816 


331 


38 


2.74 


126 


3.03 


652 


341 


0.217 




MM 


1,507 


6.11 


68 


4.90 


198 


4.76 


1,241 


649 


<0.001 




NHL 


4,894 


19.84 


215 


15.50 


814 


19.56 


3,865 


20.22 


<0.001 




Other hematologic cancer 


2,787 


11.30 


53 


3.82 


253 


6.08 


2,481 


12.98 


<0.001 




Other hematologic conditions 


13,815 


56.01 


932 


67.20 


2537 


60.96 


10,346 


54.13 


<0.001 


Gender 


Male 


12,979 


52.62 


687 


49.53 


2199 


52.84 


10,093 


52.80 


0.060 




Female 


1 1 ,685 


47.38 


700 


5047 


1,963 


4716 


9,022 


47.20 


0.060 


Age group 


0-17 


872 


3.54 


0 


0.00 


20 


0.48 


852 


446 


<0.001 




18-44 


3,813 


15.46 


226 


16.29 


681 


16.36 


2,906 


15.20 


0.117 




45-64 


10,272 


41.65 


636 


45.85 


1,911 


45.92 


7,725 


4041 


<0.001 




65-1- 


9,707 


3936 


525 


37.85 


1,550 


37.24 


7,632 


39.93 


0.003 


Insurance type 


Commercial 


18,639 


75.57 


1,068 


77.00 


3,280 


78.81 


14,291 


74.76 


<0.001 




Medicare 


6,025 


24.43 


319 


23.00 


882 


21.19 


4,824 


25.24 


<0.001 


Baseline therapy 


Pre-lndex chemotherapy 


1,908 


7.74 


83 


5.98 


291 


6.99 


1,534 


8.03 


0.003 




Pre-lndex radiation therapy 


1,556 


631 


70 


5.05 


240 


5.77 


1,246 


6.52 


0.027 




History of radiation therapy 


71 


0.29 


2 


0.14 


8 


0.19 


61 


0.32 


0.226 


Geographical distribution 


Northeast 


2,391 


9.69 


62 


447 


512 


1230 


1,817 


9.51 


<0.001 




Midwest 


6,945 


28.16 


104 


7.50 


667 


16.03 


6,174 


32.30 


<0.001 




South 


11,882 


48.18 


1,027 


74.04 


2,660 


63.91 


8,195 


42.87 


<0.001 




West and other 


3,442 


13.96 


193 


13.91 


322 


7.74 


2,927 


15.31 


<0.001 




Unknown 


4 


0.02 


1 


0.07 


1 


0.02 


2 


0.01 


0.200 


Presence of down's syndrome 




31 


0.13 


1 


0.07 


1 


0.02 


29 


0.15 


0.092 


Age (In years) 


Mean (SD) 


58.49 


(18.04) 


59.88 


(15.12) 


59.39 


(15.46) 


58.19 


(18.73) 


<0.001 




Median 


60.00 




60.00 




60.00 




60.00 






Pre-index Quan-Charlson comorbidity score 


Mean (SD) 


2.18 


(211) 


2.08 


(2.11) 


2.04 


(2.01) 


2.22 


(2.13) 


<0.001 




Median 


2.00 




2.00 




2.00 




2.00 






Distance to MSA 


Mean (SD) 


3.09 


(11.73) 


2.96 


(10.26) 


2.25 


(10.26) 


3.28 


(12.11) 


<0.001 




Median 


0.00 




0.00 




0.00 




0.00 







Abbreviations: MDS Myelodysplastic syndrome, MPN Myeloproliferative neoplasms, CLL Chronic lymphoid leukemia, MM Multiple myeloma, NHL Non-Hodgkin's 
lymphoma, MSA Metropolitan statistical area, SD Standard deviation. 



the final study population. Cohorts varied in the distri- 
bution of the suspected hematologic condition listed on 
bone marrow biopsy claims. The GX population had a 
higher percentage of patients with a non-malignant 
hematologic diagnosis (eg, anemia, thrombocytopenia) 
on the bone marrow biopsy claim compared to the other 
cohorts; the OL population had a higher percentage of 
patients with other hematologic cancer diagnosis. 

Demographics, and baseline characteristics 

The final study population (Table 1) with suspected hema- 
tologic malignancy/disease and bone marrow morphology 



assessment included 1,387 GX, 4,162 LL, and 19,115 
OL patients. A patient may have had more than 1 sus- 
pected diagnosis. Compared to GX or LL patients, OL 
patients were slightly younger (average age 58.19 OL 
vs. 59.88 GX, 59.39 LL; p < 0.001) and overall appro- 
ximately a quarter were enrolled in Medicare Advan- 
tage plans (25.24% OL, vs. 23.00% GX and 21.19% 
LL, p < 0.001). 

Some differences in geographic distribution across co- 
horts were noted, with patients in the GX cohort more 
likely to be located in the South. Compared to the GX 
or LL cohorts, the OL cohort was slightly more likely to 
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have had chemotherapy or radiation treatment during 
the baseUne period. 

Diagnostic characteristics 

Patients in the GX cohort were more likely to under- 
go more complex diagnostic tests during the initial 30- 
day testing period, most notably for cytogenetics/FISH 
(95.96% GX, 80.78% LL, and 51.68% OL) and molecular 
diagnostics (26.03% in GX, 14.27% in LL, and 9.31% in 
OL). Patients in the OL cohort were less likely to have 
these tests performed, and when done, were more likely 
to be performed at a different lab type. 

The number of tests (Table 2) varied across the 1-year 
follow-up period. The distribution of BM biopsies was 
skewed with the majority of patients receiving 1 BM 
(Figure 2). The LL cohort had the fewest total tests and 
the GX and OL cohorts appearing more similar (Table 2). 
The average time to final diagnosis differed across the 
cohorts, ranging from 36 days for GX to 41 days for OL 
(marginal difference, p = 0.051). The median time to 
final diagnosis was roughly 2 weeks, with the OL cohort 
having a shorter time by 2 days. The Cox proportional 
model hazard ratios (reference group OL cohort) of rea- 
ching a final diagnosis by any point in time within the 
initial 30-day testing period were 1.002 (p = 0.0029) for 
the GX cohort and 0.95 for the LL cohort (p = 0.0002). 
However, at any point in time during the post-30 day 
testing period, the GX cohort had a roughly 23% higher 
hazard than the OL cohort of having reached a final 
diagnosis by that point (HR = 1.23, p = 0.0007), and the 
LL cohort had a roughly 10% higher hazard of having 
reached a final diagnosis at any given point in time (HR = 
1.10, p = 0.005). Substantially fewer GX patients under- 
went repeat marrow biopsies (Table 2; 9.59% GX, vs. 
17.11% LL, and 28.16% OL, p< 0.001), with differences 
remaining after adjusting for type of hematologic malig- 
nancy diagnosed and other characteristics (OR: GX 0.31 
[0.26, 0.37]; LL 0.56 [0.51, 0.62]). 

Stability of initial diagnosis (Table 2) varied across co- 
horts (unstable diagnoses in 6.16% GX, 8.04% LL, and 
9.73% OL; p < 0.001) with odds ratios (OR) of unstable 
diagnosis of 0.87 for GX [95% CI: 0.68, 1.10] and 0.99 for 
LL [95% CI: 0.87, 1.13]. 

GX patients had lower percentages of diagnosis changes 
(Table 2); OL patients had the highest (7.88% GX, 11.19% 
LL, and 14.08% OL; p < 0.001) with differences between 
GX and OL remaining after adjustments (OR: 0.82 for GX 
[95% CI: 0.72, 0.94] and 0.94 for LL [95% CI: 0.87, 1.02]). 

Utilization and costs 

In the 30 day period after starting chemotherapy (Table 3), 
changes in treatment were noted: 4.58% GX, 6.68% LL, 
and 7.37% OL (p = 0.91) of patients changed chemo- 
therapy (prevalence rate ratios for GX vs. OL: 0.5732, 



p = 0.013; for LL vs. OL: 0.8348, p = 0.115). Within 31 
to 60 days of chemotherapy treatment initiation, GX pa- 
tients had fewer changes in chemotherapy (an additional 
1.78% GX, 3.68% LL, and 5.12% OL; p = 0.001; prevalence 
rate ratios for GX vs. OL: 0.3204, p < 0.001; for LL vs. OL: 
0.6607, p = 0.005). Results between the cohorts were not 
statistically significant after multiple regression adjustment 
for differences in patient characteristics (OR: 0.72 for GX 
[95% CL 0.47, 1.09] and 1.20 for LL [95% CI: 0.98, 1.46]). 

The distribution of health care cost was skewed. Un- 
adjusted analyses indicated that GX cohort total health- 
care costs ($5,362.00) were lower than costs for the LL 
($6,409.17) and OL ($10,061.30) cohorts (1-year, PPPM). 
Unadjusted costs were lower for GX in all service cat- 
egories with the exception of the 'Other' category, which 
includes lab services. PPPM costs for testing over the 1- 
year follow-up were highest for the OL cohort ($2,793), 
followed by GX ($1,410) and LL ($1,215), p < 0.001. 

The 1-year PPPM costs adjusted for differences in pa- 
tient characteristics were $8,202 GX, $7,711 LL, and 
$10,302 OL p<0.05). Adjusted costs PPPM excluding 
the initial 30-day testing period were $6,019 GX, $6,649 
LL, and $7,801 OL (p < 0.05). The cost models found 
that some interactions terms between laboratory cohort 
and disease type were statistically significant. However, 
the results were in the same direction for all disease 
types. Thus, the adjusted results shown for each cohort 
are based on these models and shown for the average 
population. 

Discussion 

This retrospective study examined diagnostic patterns 
and diagnostic, clinical and economic outcomes for pa- 
tients with suspected hematologic cancers/conditions. 
Overall, the diagnostic outcomes examined in the study 
generally favored Genoptix relative to the OL cohort, 
with fewer changes in diagnosis, fewer repeat bone biop- 
sies or changes in chemotherapy treatments. Differences 
between the Genoptix and the LL groups were smaller 
and were not compared directly. 

Population characteristics of the Genoptix and LL co- 
horts differed from the OL, including initial suspected 
diagnosis listed on the bone marrow biopsy. Multiple re- 
gression analyses adjusted for final or suspected diagno- 
ses as appropriate, but the differences in diagnoses may 
reflect not only underlying differences in the actual dis- 
eases of the patient populations, but also differences in 
coding practices across institutions. However, other dif- 
ferences in severity or complexity of the patients' condi- 
tions may not be adequately reflected in claims data. 

The distribution of test types differed for Genoptix 
compared with the other cohorts. A higher percentage 
of Genoptix patients were more likely to have undergone 
complex diagnostic tests and Genoptix was consistently 



Table 2 Diagnostic characteristics: test utilization, frequency of repeat bone marrow biopsy, and stability and change in diagnosis 



Diagnostic flow patterns - Test counts - 
Post-index fixed 1-year follow-up period 
(Full population) 



Repeat bone marrow biopsy 



Stability of diagnosis 



Change in diagnosis 





Study population size 


Total 
(N = 24,664) 


Genoptix 
(N = 1,387) 


Large labs 
(N = 4,162) 


Other controls 
(N = 19,115) 


p-value 


Number of bone marrow tests 


Mean (SD) 


10.92 (11.14) 


17.79 (7.08) 


3.79 (7.43) 


11.97 (11.35) 


<0.001 




Median 


8.00 


16.00 


1.00 


9.00 




Number of cancer-related tests 


Mean (SD) 


9.00 (15.91) 


541 (10.93) 


7.54 (14.15) 


9.57 (16.52) 


<0.001 




Median 


1.00 


0 


0 


2.00 




Number of hematology-related tests 


Mean (SD) 


2.00 (7.36) 


2.00 (5.93) 


2.00 (7.27) 


1 .00 (747) 


<0.001 




Median 


2.00 


2.00 


2.00 


2.00 




Number of all laboratory tests (includes all 


Mean (SD) 


25.48 (25.57) 


28.37 (15.01) 


17.03 (21.00) 


27.11 (26.69) 


<0.001 


diagnostic tests in claims data) 


Median 


0.00 


0.00 


0.00 


0.00 




Number of bone marrow biopsies 


Mean (SD) 


1 .56 (1 .42) 


1.13 (0.49) 


1.33 (1.04) 


1.64 (1.52) 


<0.001 




Median 


1.00 


1.00 


1.00 


1.00 




II lUIVILlUdI!) VVILII IIIUILI|Jlt: UUI Ic IlldllUvv UlUpilcb 


n (%) 


6,227 (25.25) 


133 (9.59) 


712 (17.11) 


5,382 (28.16) 


<0.001 




Odds ratio 




0.307 


0.563 








Confidence interva 




(0.255, 0.371) 


(0.514, 0.617) 








P-value 




P< 0.001 


P< 0.001 








Logistic model adjusted for gender, age, region (South), Medicare, initial diagnosis (MM, MDS, CLL, 




other NHL, MPN, other hematologic cancer/condltlons), and baseline Charlson comorbidity 


score. 


Stable 


n (%) 


20,333 (90.76) 


1,203 (93.84) 


3,500 (91.96) 


1 5,630 (90.27) 


<0.001 


Unstable 


n (%) 


2,069 (9.24) 


79 (6.16) 


306 (8.04) 


1,684 (9.73) 


<0.001 


Logistic model of having unstable diagnosis 


Odds ratio 




0.866 


0.992 






in follow-up 


Confidence interva 






(0.867, 1.134) 








(0.68, 1.103 ) 








P-value 




P = 0.2427 


P = 0.9014 







Logistic model adjusted for gender, age, region (Northwest), Medicare, initial diagnosis (MM, CLL, other 
NHL, MPN, other hematologic cancer/condltlons), baseline Charlson comorbidity score, baseline 
chemotherapy, baseline radiation therapy, baseline inpatient visit, and baseline number of bone 
marrow-related tests. 



No change 
Change 

Logistic model of diagnosis change in follow-up 



n (%) 
n (%) 

Odds ratio 
Confidence interva 
P-value 



1 9,437 (86.76) 
2,965 (13.24) 



1,181 (92.12) 
101 (7.88) 
0.824 

(0.722, 0.94) 
P = 0.0040 



3,380 (88.81) 
426 (11.19) 
0.939 

(0.867, 1.018) 
P = 0.1 256 



14,876 (85.92) 
2,438 (14.08) 



<0.001 
<0.001 



Logistic model adjusted for gender, age , region (Northwest), initial diagnosis (MM, MDS, other NHL, 
MPN, other hematologic cancer/conditions), baseline Charlson comorbidity score, baseline 
chemotherapy, and baseline number of bone marrow-related tests. 



Abbreviations: MDS Myelodysplastic syndrome, MPN Myeloproliferative neoplasms, CLL Chronic lymphoid leukemia, MM Multiple myeloma, NHL Non-Hodgkin's lymphoma, SD Standard deviation. 



Engel-Nitz ef al. BMC Clinical Pathology 2014, 14:17 
http://www.biomedcentral.com/1472-6890/14/17 



Page 7 of 10 




Number of Bone Marrow Biopsies 



Figure 2 Distribution of bone marrow biopsies received per patient and by laboratory. 



recorded as the provider on the biopsy-related tests dur- 
ing the 30-day testing period. For the OL, the complex 
diagnostic tests were more likely to have been performed 
at a lab type other than the one providing bone marrow 
morphology assessment, requiring clinicians and pathol- 
ogists using the other labs to integrate test results from 
multiple sources. 

The multiple regression analyses suggested that there 
may be an advantage for Genoptix over other lab types 
in reaching a final diagnosis earlier. There was also an 
advantage for LL compared with the OL in this regard, 
but the effect for Genoptix was slightly more than dou- 
ble that of the LL. However, the difference in mean time 
to diagnosis was only a few days in the unadjusted num- 
bers. The clinical impact of a difference that a few days 
make on the diagnosis is unknown; yet, the earlier the 
diagnosis is made the more rapidly the patient can be 
assigned to an appropriate treatment plan. The differ- 
ence between mean and median time to diagnosis indi- 
cates there was a large amount of variability in the time 
to diagnosis, suggesting that even if on average the dif- 
ference was a few days, there was a subset of patients 
who were subject to much lengthier delays in diagnosis. 
Since the definitions for identifying final diagnosis were 
created independently of the cohorts we do not expect 
that any effects due to specific definitions used would 
vary across cohorts other than the variation due to the 
initial and final diagnoses. 

The Genoptix cohort had the lowest rates of unstable 
diagnosis and unexpected changes in final diagnosis, 



followed by the LL and then the OL cohorts. This finding 
parallels the hypothesis that improvements in diagnostic 
certainty and completeness occurs with initial hemato- 
pathology specialty laboratory assessment. Claims data 
may not adequately capture this type of diagnostic in- 
stability and the algorithm developed in the study may not 
reflect actual changes in diagnoses. However, the results 
of the study are consistent with the ranges reported in the 
literature, particularly with an NCCN study that identified 
a 6% discordance rate in diagnoses for B-cell NHL [13]. 

The changes in chemotherapy treatments favored the 
Genoptix cohort in descriptive statistics; however, the rela- 
tionship was not statistically significant in multiple regres- 
sion analyses after adjusting for potential confounding 
variables in the model. This may also be due to small size 
in number of patients that experienced a change in che- 
motherapy. Since the relationship between the laboratory 
testing and specific clinical outcomes is unclear, these re- 
sults should be interpreted with caution. 

Results for cost and utilization suggest some differences 
between the cohorts. The source of costs differed across 
the cohorts, with the 'other' (i.e. laboratory) services being 
the biggest driver for Genoptix costs compared with 
hospitalization costs for the OL cohort. The adjusted ana- 
lyses suggested that overall, paid costs for the GX cohort 
were lower than for the OL cohort. The LL cohort was 
not the analytic reference group and was not compared 
directly to the Genoptix cohort. In general, cost differ- 
ences between the Genoptix and LL groups were either 
small, or costs were slightly lower for the LL group. 



Table 3 Chemotherapy utilization and health care cost outcomes 



Study population size 



Total 
(N = 24,664) 



Genoptlx 
(N = 1,387) 



Large Labs 
(N = 4,162) 



Other Controls 
(N = 19,115) 



p-value 



Changes to chemotherapy 



Testing paid cost PPPM ■ 
Post-Index fixed 1-year 
Follow-up period 



Mean healthcare costs 
PPPM during 1-year fixed 
follow-up period by 
Service type 



Within 30 days of starting chemotherapy 

Within 31-50 days of starting chemotherapy 

Adjusted odds ratio within 60 days of starting 
chemotherapy 



% 
% 

Odds ratio 
Confidence interval 
P-value 



4.58% 
1.78% 

0.718 
0.472, 1.093 
0.1224 



7.37% 
5.12% 



1.197 
0.98, 1 .463 
0.0784 



Logistic model adjusted for age, region (Northwest, South), Medicare, initial diagnosis (MM, other 
NHL, other hematologic cancer/conditions), baseline Charlson comorbidity score, and baseline 
chemotherapy. 



All-cause paid costs PPPM: 
Summary of multiple 
Regression model results 



0.91 
0.001 



Bone marrow biopsy costs 


Mean 


(SD) 


$1,804.34 (12,424.61) 


$149.54 (1,006.24) 


$736.74 (5,638.49) 


$2,156.87 (13,842.72) 


<0.001 


Bone marrow tests costs 


Mean 


(SD) 


$305.18 (596.83) 


$1,130.03 (1,022.85) 


$249.81 (383.29) 


$257.39 (547.21) 


<0.001 


Other cancer-related tests costs 


Mean 


(SD) 


$292.68 (897.24) 


$109.31 (405.88) 


$199.39 (653.65) 


$326.30 (96349) 


<0.001 


Other hematological tests costs 


Mean 


(SD) 


$47.93 (258.88) 


$20.97 (67.77) 


$34.30 (184.72) 


$52.85 (280.35) 


<0.001 


Total testing costs 


Mean 


(SD) 


$2,449.16 (12,689.30) 


$1,409.84 (1,674.85) 


$1,214.87 (5,842.95) 


$2,793.32 14,127.97) 


<0.001 


Mean costs include individuals with zero costs 
















Pharmacy cost 


Mean 


(SD) 


$624.69 (1,309.22) 


$571.42 (1,279.36) 


$578.84 (1,214.31) 


$638.53 (1,330.84) 


0.008 


Medical costs 


Mean 


(SD) 


$8,556.06 (21,267.46) 


$4,790.58 (9,286.12) 


$5,830.33 (13,479.36) 


$9,422.77 (23,117.31) 


<0.001 


Ambulatory cost 


Mean 


(SD) 


$3,279.69 (5,288.34) 


$2,042.87 (3,618.11) 


$2,759.93 (4,467.36) 


$3,482.60 (5,529.99) 


<0.001 


Office costs 


Mean 


(SD) 


$1,370.38 (2,591.48) 


$1,281.19 (2,468.00) 


$1,516.33 (2,648.42) 


$1,345.07 (2,586.69) 


<0.001 


Outpatient cost 


Mean 


(SD) 


$1,909.31 (4,338.71) 


$761.68 (2,157.14) 


$1,243.60 (3,251.64) 


$2,137.53 (4,626.67) 


<0.001 


Emergency services cost 


Mean 


(SD) 


$54.10 (216.34) 


$3642 (120.02) 


$40.09 (129.11) 


$58.43 (235.87) 


<0.001 


Inpatient cost 


Mean 


(SD) 


$4,742.55 (19,060.20) 


$1,515.11 (7,315.71) 


$2,664.49 (11,325.53) 


$5,429.20 (20,851.55) 


<0.001 


Other cost 


Mean 


(SD) 


$479.72 (2,74648) 


$1,196.18 (1,179.72) 


$365.82 (1,200.40) 


$452.54 (3,045.91) 


<0.001 


Total cost 


Mean 


(SD) 


$9,180.74 (21,433.97) 


$5,362.00 (9492.76) 


$6,409.17 (13,676.32) 


$10,061.30 (23,281.54) 


<0.001 


Paid costs-remainder year (excluding initial 30-day period) 


Adjusted Costs 


$6,019 


$6,649 


$7,801 




Paid costs-1 year 






Adjusted Costs 


$8,202 


$7,711 


$10,302 





GLM model, adjusting for gender, age, age , region, final diagnosis, baseline Charlson comorbidity score, baseline chemotherapy, baseline radiation therapy, baseline 
inpatient stay, baseline number of bone marrow-related tests. 



Abbreviations: GLM generalized linear models, MM Multiple myeloma, NHL Non-Hodgkin's lymphoma, PPPM Per-Patient-Per-IMonth, SD Standard deviation. 
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Overall, our results support that compared to the OL 
for diagnosis of hematologic malignancies and MDS, a 
hematopathology specialty laboratory may result in more 
rapid final diagnosis, fewer changes in diagnoses, reduc- 
tion in need for follow-on testing including repeat bi- 
opsy procedures, and may result in lower overall health 
care costs. Additional research will be needed to confirm 
whether the use of a hematopathology specialty labora- 
tory minimizes potential harm from misdiagnosis com- 
pared to other types of labs and whether there is an 
efficiency benefit in using a specialty laboratory com- 
pared to large laboratories. 

Limitations 

Certain limitations are associated with using claims data 
for research. Reasons for laboratory tests and other clin- 
ical parameters are not readily apparent in claims data. 
Presence of a diagnosis code on a medical claim is not 
proof positive of the disease; the disease may have been 
coded incorrectly. For some hematologic malignancies, 
the ICD-9-CM coding schematic does not distinguish 
between disease subsets and the heterogeneity and diver- 
sity of the conditions. The study did not evaluate quality 
of life as this type of data is not available in claims data. 
Due to the overall survival differences between the vari- 
ous hematologic diseases and too few patients for a spe- 
cific diagnosis, follow-up times were not considered 
adequate to assess survival in this study. 

While this study used multiple regression analyses to 
adjust for differences in patient populations between the 
laboratory cohorts, there may have been differences that 
could not be identified. Clinician characteristics, such as 
varying degrees of expertise in recognizing these condi- 
tions, may have impacted outcomes as well. Selection 
bias may account for where biopsies were sent for evalu- 
ation: more complicated or confusing cases may have 
been sent to a specialty laboratory initially. In other in- 
stances, contractual considerations and insurance cover- 
age may have determined laboratory selection. In addition, 
it is not clear if a repeat bone marrow biopsy was necessi- 
tated by an initial inadequate sample (i.e., poor technical 
quality). 

Differences in treatment patterns cannot be evaluated 
as appropriate care since reasons for those treatment 
patterns were not available. Similarly, while the study de- 
veloped an algorithm to identify progression and change 
in diagnoses in claims data, the algorithm cannot be 
verified based upon claims data alone. This study also 
excluded academic centers with hematopathology fel- 
lowships, as the patients seen in academic centers could 
differ significantly in their underlying disease in ways 
unlikely to be measurable in claims data. Furthermore, 
claims data do not contain quality of life and disease se- 
verity information. Thus, it is unclear if the differences 



observed in this study would also be observed in clinical 
outcomes. 

Conclusions 

Stability and changes in hematologic diagnoses varied by 
the type of lab performing the initial testing on the bone 
marrow sample, with a trend for fewer changes observed 
for the hematology specialty lab. Repeat bone marrow 
biopsies, changes in chemotherapy, and costs in the period 
following initial diagnostic workup were lower for patients 
whose samples were assessed by a specialty laboratory ver- 
sus other laboratory types (after adjusting for patient po- 
pulation differences). 

Further exploration of alternative diagnostic testing ap- 
proaches and their impact on costs and clinical outcomes, 
as well as the impact of management by specialized 
(hematopathologist) as compared to general-pathology 
services on outcomes is warranted. Validation of these 
findings through medical chart abstractions or registries 
will be important in illuminating the impact of hemato- 
pathology specialty services on patient outcomes. 
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